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For at t ract ive Interactions between particles the "energy gap" 

equation stemmiug from the reduced Hamiltonian of the lBc8 theory has 

two familiar solutions. One solut ion yields a gap and leads t o  the 

correlated ground state.  

an uncorrelated s ta te  which is identical t o  the ground s t a t e  i n  the 

The other solution yields no gap and leads t o  

absence of Interaction. 

related ground s t a t e  and corresponds t o  an excitation of the correlated 

This state  has a higher energy t h a n  the cor- 

state.  This excitation can be described as the "breaking" or  "ionization" 

of each of the inflnlte number of condensed electron pairs tha t  make up 

the  grounu state,  t h e  energy required t o  break a pair being twice the 

energy of the gap. 

-- t he  s t a t e  w i t h  correlations -- is the stable state. 

With a t t ract ive interactions, then, the "gap" s t a t e  

For repulsive Interactions between particles a correlated s t a t e  

can again be obtained, but it is no longer the stable state,  the ground 

s t a t e  now be- the normal state. One now finds t h a t  t o  break a correlated 

pa i r  no l o e e r  takes energy, but rather gives energy. Thus, even though 

one can obtain Cooper pairs fo r  repulsive interactions'2), and even though 

these pairs  can be condensed i n t o  a correlated state, such a s t a t e  is  not 

stable. 

Before exhibiting the correlated s ta te  tmt  ar ises  from repuls2ve 

interactions, we first show that fo r  such interactions it i s  the normal 

state tha t  must be the  ground state. 
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The Hamiltonian is, Ho + Hint: 

The notation I s  fairly obvious. The chemical po ten t ia l  that  appears may 

be thought of as a potential ,  -p,  that a r i s e s  from a uniform background 

of pos i t ive  charge. 

Hamiltonian achieves Its minimum f o r  t h e  state -77- @ . k p  C - t  Io>, 
where I O )  I s  the mathematical vacuum, and the  energy of the state I s ,  

of course, proportional t o  the  volume of tile system. 

When no interact ions are present (when A = 0), the 
f 
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We now show that  

even when Interact ions a r e  Included, the ground state energy of the 

Hamiltonian I s  no greater, in t he  limit of Infillite volume, than the 

ground state energy when Interactions are absent. 

From the  fact that the ground state energy can be defliied by a 

var ia t iona l  pr inc ip le  It follows that, 

(I) E(ground s t a t e )  6 {normal/Ho + Hint/normal> = 

E(norma1) + ( normal/Hint/normal) 

On the other  hand, we have E(ground s t a t e )  = minimum (Eo + Hint), 80 

that  E(ground s t a t e )  I minimum (Eo) + minimum (Hht). 

term I s  c lear ly  posit ive,  so tha t  

But t he  last 

(2) E(ground s t a t e )  S(norma1) 

Enwever; in (1) the last term is Independent of volume, so that i n  the 

limit of I n f i n i t e  volume, combining (1) w i t h  (2), we have 

E(nonna1) ? E(ground s ta te )  2 E(normal), which is the equality 

we sought t o  demonstrate. 
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Thus the correlated state, i f  chosen t o  be the vacuum state,  cannot 

be stable. Nevertheless, iiothlw prevents us from studying an unstable 

vacuum. The very same methods one uses t o  derive the gap equation and 

Bogoliubov-Valatin operators for  a t t ract ive interactions can be used 

f o r  repulske  interactions as well. I n  fact ,  while the gap equation i n  

both cases is idelltical, the B-V operators are  slI@tly different. At- 

t ract ive interaction yields a s  operators: 

2 2 and their  adjoints. I n  our notation uk = Ek + dk2, is the gap, 

= - p, and E I is constrained t o  be less than 8. For 

repulsive iiiteractions the "names" of these operators are  interchanged. 

!be first operator becomes fkJ and the second becomes yk';-' Whereas 

the  &miltonfan for at t ract ive interactions takes the form 

for  repulsive interaction the sum over I &, I s becomes 

. I  + t Q r m S  la 71 
I n  both cases the physical vacuum is defined as 



but la  e a w  case )'& arid G4 are defiaed diZ'Z'erently. Tue Raroiltoriian 

wit11 the  

Involve o i ly  a f i d t e  number of exc i ta t ims  out of the  growid s ta te .  

For s ta tes  i m r d v w  an inf'iiiite number of exc i t az i a s  these terms cannot 

L e  dropped. 

the "particles", t he  eriergy of t he  correlated s t a t e  for  repus tve  ia te r -  

terms neglected w i l l  suffice when appiied t u  s t a t e s  that  

Thus witnout these terms it wuuld appear that by excitiag a i l  

actions could d r ~ p  in energy frou "7 t o  
2 

(€le - m k )  +i &- , -- the energy of t h e  grcrund s t a t e  fo r  a t -  
1 
v t rac t ive  interactions! The - terms prevent t h i s ,  and the energy cannot 

be dropped below tha t  of tne r i G r m a l  state.  

Thus we see tha t  while a correlated "gap" s t a t e  ex is t s  f o r  repulsive 

interactions, such asstete  is unstable against collapse t o  the normal state.  

But t h i s  applies only t o  the 33C6 reduced Hamiltoiiian. For the electron 

gas, for example, w e  know that tne grouud state is nut the uorml s t a t e  

but e correlated etate. The correlation of t h i s  s t a t e  is such tha t  

electrum a re  bcunu t o  holes i n  pairs,  and each pair  has e binding energy 

roughly equal t o  tne plasma energy. While In an extrernely crude way t n i s  

energy may be claimed t b  be a gap energy, and the ground s t a t e  ccjnsequently 

a ngap" etate,  the presence of other excitatlous wltn valiishin&ly small 

eliergy rot  this"gep" of any real  meanink. 

(1) J. Bardeen, L. Cooper, and J. Schrieffer, W s .  Rev. 1175 


